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^ (100! Hft«^-S*ttft*-r*tt«»3Ri:, tt 

is ^ftjxfiT? it t> +tf= i- # * *i sitijieffittta* t 
[«** 3] «tkjej£ • **istt. m&mtefribn 

lBrE*IB*«tt:^6ltrESfe*l*»Sl»MX(4<b*MI=l» 
4*-*l*axSfc 1 icGE© 

[000 1] 

x— y^-— . jBWaft-tr:/-*, EW^if— % El^tf 
[oo o 2] 

y. jmsa. t7;^x, »ib, m y *=f- 

S#*4©*T% #1-. HE* 7 5 XI*, JlStttt-C. 

[0 0 0 3] GEE-fe^ 5 -V-7XI4, ^H*-t!7 5'^ 
Xl=EEEEE*HttlDL. St«m*©»«<0*lRl*-3e© 

P^X^-f hSEKEttJ <tl4. -fl£3£ : ABO 



3 (A. BI*£Jl7c3t) 1?ajil5. L^^SRegular 
PerovskitegMb-&4$!)©l*k £7aE£fr ^ftfe? frttS*- 

[0 0 0 4] ^SftoJ^A-f hS9ftR«tt-b7Sv 
^Xt LTI4. 0!lx.l4. Pb (Zr -Ti) O3 (K 
T. rpzTJ £1^. ) . P ZTlCjft LTfB^ 

tt^PTX*^ h£m=fi£#i: LTSiDLfcPZT 3 
BaT i 03, B i o. 5 N a o. 5T i O3 

(JilT. C;h.£ TBNTJ £1*5. ) S>:hTl* 
a. 

[000 5] Z+t?>(D*T?^ PZTICftg^ft-SfSSi© 

wi^EEE»1t**LTi3y. E£EEfl:£:h.Ti**EEE 
EEE©K<^Eibt8 (p b o) .£^-ci^«feti>ic* astt 

[0 0 0 6] -73, Ba T i O 3 -fe^ 5 y<7 XI4, tB£ 
fey. V*— fcifKWHStlTl**. BaTiO 

3 fcfferoaM&m^p^xA-f Mb** («5ttf. bnt 

t757*Xtt, PZTlCifcLT, EEE*#tt*«et.*il* 
^nEfltfeft. 

[0 0 0 7] -tC^f, C<OHHSM^-r«f=AI=. «6* 

*&a4a>£Sft<&$:h.-ci*«. mwi o- 

1 3 9 5 5 2^|RI=I4. Jf tt^P^XTJ-f Y-Mit&Vl 
B i 4T i 3O1 2, Sr3Ti2°7- Ca3 

[0008] 4#^Bg 63-24948 Affile 

Hb/\*'j7A, Kit 

[0 0 0 9] 

[*wa<»»L«k 5 &■*■«»■] ^Tj^^p^x*^ h 

fgBl$t^-S<D77lfiJlcE(R]$-t±?,c<!:*<T'#^l4. El 
!fftt<7)^7Jl4$S7c|5Ilc?iJffl-r§ciA<7?#, )±«Hr^ 
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-r t © a< $> -s c t *<*a & ftr f & o 

[0 0 10] LfrL.fcA<b. ftl&Afi. K&3Xhjb<iii 

g>jmmi±. «fft»i=«j*a>r*i*3i#ficL'¥»-r<, 

[0001 i ] zJMzfiLs Jftfc^p^xA-r hMib-S 

0-1 3 9 5 5 2#^l-Fj|**^Tl- , '-5cfc5l-s 

§Hb**n?*oT*, 1*5e©ISftBn*<»l*ElRlS-CEfl 
LfetMEAHi7 3?**&Mfr'3£W=8&-r«;z 

[0 0 12] LfrL&7!)<S>. C<D:£;£I4. t^^ htt^A 

§g1b$tt <-K3t: A BO 3 ) ££j&£-t*i> 1 0>T?fc 
U. »6*tfcl6»EA-tl5 5 ?*XC!>«J*4>I=I*. *x 
htt«AI:tJtl5At-f h5c* (0"J*.I4. Bi, S 
r. Cat) *<i&-TJlS-f 6. -trofcft. C 

i*. ft*a*Li*«i**£«-e#r. ^praaMr***. 

[0 0 1 3] titz. 4f^BS6 3-24 94 8-§-^fglZ 

I*. cRtfm&LtzfiLfti&ft£m-r&-mt : ?2^$m 

*tSjS#E«**vCl*4. Lfr L£ 

L. fro. V^ttta?**-* h&lb^tt&tt^Sfttt 

6. *<Dtztb. Z<D7?;£-1?I4. lEfltC^Stt^D? 

[0 0 14] *»W4«»*LJ:3i-r-B*m*. 

^X4<«3t^rET?fcy, fro. 8flBfl-b7 3v 

[O 0 1 5] 

x7xi«f^>Hbt»e.'S: i J. fro, -e<o#§»s 

A^^tt'Sp^xA-f H8ft^*©«3i* (100) m 

fcttT**tt«*rr<5tti*t»*fc» Ktstfta* tarsi. 



E*«»3iEA<ERi-r*j:3i=*»r*fife»xafc. tta 

«5XflT?t# &;Kfcj*»i*l=**ih.* Blrfattittl»* £ bUIB 
^p^X*-< h£j*Jlft,tcDJ£)S. SIX, S(SI=<fcy* 
«Lfc«rE*flBS«-©l»*tlT3fiJB ■ &£XH<!:£fiit 

[0 0 16] ««t»3|E*ElRl $BfSaSI= 

tf*i, ttttWsSODEW^tttjMILte^tt^n^x 

^tf^PZfxa-f hSfc^Hsfr&fcy. fro. 
[1001 SfrEftLfc^JtEft4:7£y^Xfr*i#t>;K 

14. XEfi&£*L. fro. AIM b-TbMt LtllM 
l=B i 0>SKFL&l**£tt'«P?X4)'r hffi*b**fr5> 

[0 0 17] 

[fgWO)SI!feO)^!ll] JJIT. *J£BJ3(7>-§|JEa>ffi5«l-0 

^p^xa-f ha<b*tt**3e33-fiu=ESi4i±*fctoa) 

fcl^TIl LT. HlT0)3kfr£ffiiLtz*,<Dt)< 

[0 0 18] Sg 1 l=. t*X^7XJltt^^ 
>H<b*«BA<fllt^6*l*. *S«l»*tLtfX77Btt 
^^gg-fb^&l^ffll^Whi:. (1) ttAtt^OR^tt 
A<^#<. ««l»3|50ff«A<ibl£W«»T?**Ct, a 
tf. (2) fltitti^o^A'f h4*B«ifl)fiJ£l: 

^p^x*-f hMib^ic#*+i-5A-9--f y-Ttmcomm 

miVltti C t IC J: -5 . 
[00 191I2I:. «ttl»^irl4 % ^-0>S£ii® (ft* 

(DMiLJi [100} S^:^S^S^•|4$*■r•5=fc(DA<ffl^^ 

^©^3:^ 11 OO] Mtte^g^tt^LTl^lMI 
{loo] ®£Eia]S<!:-r3$SJiiaia]-tr 

[0020] cc-e, r^tt^sn^A-f ha^b* 

«BJ £14. -«l= % -fig^: AB0 3 T?**ih.M&tt 

$L^5A^ 4:ftm=ff«8ft39-ftl=J:y»64i«MftE 
IS] 5-^^X14. B+>-f hTc^i: LTT 

i ^#t?^14^P^X*-f haft^Kn^&JEc*. B "9" 
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-S. 

[0021] /jrfc, *fm\-&*f5tknms&MitM* 

fc^^te^n:?**^ h£Hb*1iil=K&rs T i |c*n 
XX 1«Xtt2«Ja±0M6<DB-W--J' h5cSi (0U*.l4s C 
r . Zr, Mn, F e . Mo, Nb, Zn, Ta, W, 

s. 

[0022] *mmzmzm&jjmz&*nt^ a 

HKttll-B i $#*3&L^ (B i 2O3M1? 1 w t %JU 

[0 0 2 3] **1SKP^X*-f>afl:*«Jf=***l.* 

hTcffti LTI4. JW*ttl=l4. B i (Dfel=. B 
a. Sr. Ca. L a ^Jb<»ig£-0>J £ LT^If &*L-5 

a-r hSfl:6tt4><DA-tM' h5Eiit(Dfi»;&u:*-*i£,a># 

[0 0 2 4] teTe^14<DSSI4. «ttf#3e<D3g 

* {1001 ■0tt?-*&£a>S*. «ttt»*ro^its 
©«ff4j6l!«ofcf (BIT. cro{i£ r»^-»$*j 
) 7?g-rc£A<r#-5o K^lftfOitf^ * 
IM5£\ -trott*©*!*. ftJJfcEJStt^T'U— hi 

0 96J61T*<»* L. < . S&lztf* L< 1*1 0%JilTT?fe 

[0025] fcjs, rgja^ [HKL] J £i* s **tt 
^Q^W hffiMbfctttt. -ftl=. iEfcft, 

iitt^-cfc*<o-e» a*at*tt its?- »«a«f 
-set £®n*f s>. 

[0 0 2 6] *3I=» *tt«9*l=li. *»B»I=-S©* 

ip] 1 = e a $ ■& -s c t # • jh <j £ * l r l \ s t a> tfm 

ut*<»SLl\ T^TX'?^ hJ±7b<3*;i$T*fe.S£. 
*»B»l=««»3|5g— *fi»=ElRl*1i-*<D36«Hlli=«: 



[OO 2 7] -«|=. «ttf»*G)2F^ITX^^ htbtf*: 
*<tt£B£. ttttt&$G>Effltf#S<bS;h.Sfflfflft<& 

s. iu f^x^^ nt4<a*i=**t» &&-r-s 

«)¥)977^ hJtl*. 1 0 0J3TFft<*F$L<^. 
[o o 2 8] Sfc. «ttt»*ro^S®itS©¥^Hl (¥ 

14. 0. 0 5 j/mlsLt##f:l,l*o ffi#t»5fc<£> 

s mm m ± 1- «t -3 r ffittt&a? £— s icea $ -a- -s 

^a e B Eft*7 5^x£#i^£|£roJ5J£tt 

[OO 2 9] -ft. SttttSfcOWiSttaiis 2 0//mJil 
£. ieit^lTL. &S£t*ffifi<Di&lVggE|n|-fe7 5 

v^xftw&jt&i*. «#t83fca>¥*D&si4. 

£L<I4. 0. 1 jUmiy_h1 0//mfelTt?^)-So 

[00 30] «[*»5i5©s»tLT»a<cex-7xjitt 

?*>Mit-£<fot LTI4, *<*WICI4. B i 4 T i 3 O 
1 2 (f^>It'X7X) . BaBi4Ti 4 0 15< 
SrBi4Ti 4 Oi 5 ^<7) t* X^ Xftt^ P -f 

[0031] ctit>w-(b^!fei(4. f-rttt. ^ro too 
1 ] i©sii*;i/^r- aMferotssEros®!*.;!^— 
*y^*^©-c» to o 1 } wzmmmt a^o. 3r 

S©»«S*t 4 S»l=ft«t * C 1 4«i! # 

•So Sfc. C*ie,<D<b^© {00 1 J ®I4. **tt^ 

D^*-f mb^iroli^i noo] stcoraca 
^fe^y. 1 1 o 0} ®£i5[6]®<b-r-s*sjiieinj 

t5 5 7^^S84t4fc»fl)fieitf >^U- hi L 
TJf®-t?fc-So 
[0 0 3 2] tf^TXJltt^^ >^b^A^^C 

*W» (BIT. r««t»^^l£flC»j ) 

jS<*xi4*D^i==fcy?gi*i^s>^)S£^i=»af^-r-s 

*;i.^-©/h*L> {00 1} SA<«$fe6*JlcfgSLfc*S«t 

^©jf^tx^^ htts.if*Q&&\t* £f&m*zm& 

[0 0 3 3] StttftfcOMitottJ: LTI4. 

14. 777fX (0iJ^.l4, NaC I , KCI, NaCI 

£ KC I fl>S^tt. BaCI ? , K FJfe£% ) £^|Z« 

ttt»5S±iSJS*4^3!lD|Sfi-r'S73;* . 



(5) 



*#M 2 0 0 2-321 97 4 



[0 0 3 4] &l=. ^fgBJIc&SSSgilEfl-fe^S^X 
I*. jg^Xflt, l$fl$X?Ii:. • ^iSt^fjl 
[0 0 3 5] *8#>l=. ;lB-xSlc-p^TiSB^-r^ 0 -g^ 

t&g-s-r&jLmx'tb&o erotic, s^g^i*. ±a 

Lfcfx^xlftt^ >^b£tfcia>i*j. ivfftfr 1 aa 

&.±<Dit-&®KDM-£;$BVt} r> T t At*. . 
[0036] £fc. r^n^xa-f £l*, 
±i2iiLf=fc:|*i|i&;fc<bJ£J£LT. ^■tt^PZfxa-f KM 

it-syst mt fx77. £ it t &±mi-% t <d 

¥4a>ffiMgl=-=>l\TI2. 4fl=IS^£;h.<St.0)-ei*£:<. |£ 
<b^^. *g£i^b#)ft5fc. £S1B^. ->3.^K 

[0 0 3 7] fcJxbf, f$>SfX?7 (B i 4 T i 3 
O.i 2) CDffittt»5fc£m^T. ^$>ig/\*y7A (Ba 

T i o 3 ) ^t>3tc-53^ffiKlS]-b5 5->f x^Slifi-r-Sii 
^O^^hMgfitLT^ g®/\*U9A (B 
a CO 3) „ mit/tWA. (BaO) . *Hb/<iJi>A 
(Ba(OH) 2 ) *©B a "t^b^l 

•J -t?A^3 ^;n=ffl^-r-i> B a ^^b^^E^-Tft 

[00 3 8] lb1<75;£l=. ^^VKtrx-^Xtfe^z-vU 

: 3OT^EJW£'CJ5J£$-fef--5<>:. 
■fbl CDiEICiF-f ^73l4^P^X*-f hUHb^rtSj 

X (B i 2O3) <bl(D* 

A^^ipjicitff-t-sroi*. b*x7xa«fji >&ib^& 

[0 0 3 9] 

Hbi ] 

Bi4Ti30i2 + 3BaC03 -» 3BaTi03 + 2Bi203 + 3C02? 
[0 0 4 0] <b10>5£l*. f^>it'X7Xtft 

RI=te4&l=ttlifcfil6tf±CTL»*^1l&te#**. * 



Ibt'XTXCD^T'&SCttfS^Ll^. 11151= I*. B 
i 203iBaC0 3 ^BaT i O 3 t <DB.!tV± Ctz 
Ba-B i -03Rfls£»fc£ % tiKZ>mt®lfiLfttf-£-£tl 

[004 1] ^^^K/N'U^AJil^O^lt^P^X* 

h7c*A<ffittt9*I=aIA$^SJ:ai=. ^P^X*^ h 
[0 0 4 2] fcfc, jl^XfUcfc^TI*. Rfffl)Jt$T' 
T. ££>!=, c:*i6<OSl5[=cfco-C#e>^.-5^tt'<a 

«»-e«««i5H$*an-r * t . £#ai=® sib r* 
[0043] <bftfeiRf»$E«-*-«4*l=ftit 

4x-i>$SaiHlRHz^5-y^XCDM3t^ {1 OO} ®05EIr1 

«3&<«T-r*fe-€-*i3b«fc*. lot, ib^ttttttas* 
e*aF*i*«te{**«aotSi3t* n 00) s 

[0044] $&i=. fitti»*;fttf'<n:?*a-f f.£fiR 
m#4. mi*i=. *w=ici:rE***t*<b**«H»xt; 
ttMUMa>a«a« ttsc-cffo-ct.A<» 

[0045] ;*i=. ^^Eff$x^ilcoL^ri^^BJ-r'5o iS^x 

J:-5l=j3tffc-f -Sxg-cfcs. ;ct-, r^ttt»**<EiRi 
<kl*. : &tStt^»5S<7)^a®^SL^|r2F^Tl=E5lJ 

xi*s **«»3iEa)*aB*<rt»(*:*»a-r4 1 o 

©ttf=»LT¥(Tl=E5« (JUT. ZG>J:3«:«I8* 
E(r]j tt>-5. ) "T •5c^:$L^■5o 

[00 4 6] mmfimz-o^Tit. t5ttt9*^Eisi$-a- 

■ClifttS tt«tt5S*ffiEfil*1±*J«»*at LTI*. 
JH*W(=I*. K^^t-^U-KJi. ^L/XfiEIJ;J. EI 
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[0 0 4 7] t£#tS*3fc#lIEflLf::j£ff$i* (Jil 

T. rsEffltt&ttJ <tl*5„ ) <7)J»$^iiLf= 

y. El*i]Jt£-Llf&fctf>l::. ®EiajJj£m**l::*frU $ t» 
l=aSIE§. :?UX. EB<tt*fl>»a (JUT. 

rsffiisifflSj fcl^5. ) ^fr^Ttai^o dCD*§^. 

?ToTt>a<. fc&lM4. 2aJil±C7)®ElnJffllS$i70 
Ttai*. ®Eftj£ffiM*l=5-fLT. 1«®0>®E 

Ja±flDEa«l»$-t*l.-e*itt»lllliyiSLl7oT i t.A 

[0 0 4 8] Jgjfc • Bfc^iglcoi^TBlWf 5. 

• Mejcxatt. «»xa-c»&*Lfcrt»flci=^r**i 

fiJCI= J: y ±j£ L fc jfc*|j*#a>MKfc £fr a xfir* 

t^P^X*-* h£j£lf^<t£^fcf£ff2#£m 

[0 0 4 9] Jn8&S£l4. StfrSt/XXIiMSSA^^J: 
<jtfrL. Ss^tt^a^Xfc-f hlJHb^l&l/S? 

it tfx^? X JUtt<DIiJ±/i!c4&<D£j£jb<?iPftJ $ tiZ J: a IC, 

[0 0 5 0] 0lJ;l[4. f^VltfXTXiKS/^J^A 

5 V^X Jn»a«tt. 400 0 CJil±1 

3 0 0°ClUTA<iifSL<. £ L< 14. 8 0 0°C 

Ul-tl 2 5 0°CJjrFT?fe-5. COTJf^. J5&SI4. 

[OO 5 1 ] ^fiJ^CD^Sl*, HfctfJlrl&^-f 

i*, »*tt"«p?xa-f h£<b-&*atfsfcwjs#jb<£j* 

*IBJ««S«:**ffT* L < l4X£Tlcfcl* 

cssariniHrt-**}*, «t»nu 
i: «aa?a*nin&*«*&«*t*Fa&--fl& 
[0052] ^siM«-$j^fl«ii=^-r-sisga>Jn^Sg 

14. 3fe««»©»9S*<S»*«t<aHTL. H£j£a 



*tl*\fci*. mm*. ^te^n^xaw hUHb^ri^ 
$>i/\*'j-5AIffl-efey. ft M j£#*<tttt: fx t x « 

ffiT-fc&if^-. iO^;gJSli % 8 0 0°CJiU:1 3 0 0°Cjy. 
T*<$?£L<. £&l=#3L<f±« 1 0 00°CJa±12 
5 0tfilT-e*4. 

[0 0 5 3] SfeW*»*ft*WI=M6*-*-**ai4. ftffl 

s »* s # * tt* * *r s aa»+ 1= + ««« 

»a»l*. ^Wt^a^i-f h&1t*a2tlft*fU8# 

JMrc&y. *«ja»*^bifx-7x#ffi-efe«ig#. 
ifigx-fo-So ccDii^, j»jaiat^fflia*5Esi=»yji 

[0 0 5 4] ir^P^X*^ h±J5EJl^i:(DS 

Jtai;**ififc«-©i»*i4. aa-. a*xi*aaa>i^:h. 

[0 0 5 5] Sfc. «jttf. *JR4"XI4»* + l=feL» 

l4*STl=^^t^r. ^w^»(D«ai35?3a^J: < aiT-r* 

aL^. fci)LM4. 4>Hlttlt1t:£±tt (SJBXS) *1*f= 
3l*«*+H«tt#**ft*XI*UHlS«t>l=j3l*T. 

[O0 5 6] mi*. *H^iSiSi*^±/S$-t±. * 
IHI««{*:**a*-C)fr*P (SJ6X8) Lfc^. 4>Mtt«l 
ff£«iajar=;SaLT, ^*M»^<b^fl<)l=^3£ (t^S 

[0057] fc*>\ /w>5fs*t?ja»i*:a>a*» sfc 

[0 0 5 8] Efil*»*0!)K»tfT3fc» Bffllft 

»»1>fl)fi*»*(l)EBt4<ftT Lfc U . **LM4, E 

1=14. f&mz'n-otzik. fijeai;Bt4*iT5iitri=. eisj 
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jjt»»0)»#il=iBH-<-**tt#*K©«T*jqi«n?*S 

[0 0 5 9] *Mtttt{*fr&*MJft#£Mt£Lfe 
1ft, C I PttSU C^iJffMLTtSL^ S 

»*»JB-r«*ac. C I PAS. *y h:?bX^(D7j;£ 
l^Tli. $W X^fflL^lr±T^t)(D)I*(Di t fr*2 0M 

p a VLToitWLm^&tamzmiia-r km 
[0060] **wi=«*«ai*ai=«fey»6*i 

i*. <b^ttiM»*«»i=aiDUfcy. fc-s^i*. c i p 

*l**fT9Cfcii<. iE*. J*»3fetff=fi* ■ Ms** 
[O 0 6 1 ] Jfelc. *%f3l=1KSKjft«&a>ttffll:=oi\ 

*IS»Jt*l=J:oT««»5|5j&<rt»i*:*l=Efiir*. - 

[0 0 6 2] croft. ttttt&sfcroseanBitfc&tt'Sa:? 
x*-r haib«1fea)Slt# {ioo} EtroinirfifeT- 

tt^D?*** HBHt£*©»t# ( 1 0 0] ML LT 
;pc*8£*iS. *<Dtztb. *IIIHftl6*+l=l*. 14^ {1 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method of 
manufacturing crystal-oriented ceramics where crystal-oriented 
ceramics consisting of an isotropic perovskite-type compound 
and having a high degree of orientation can be manufactured ~ 
and where the composition of A-site elements contained in the - 
crystal-oriented ceramics can be easily controlled. = 
SOLUTION: A plate-like powder which consists of a bismuth- m 
layered titanate compound and whose developed faces have a « 
lattice matching with the pseudo- cubic {100} face of the &j 
isotropic perovskite-type compound is mixed with a perovskite- * 
forming raw material which reacts with the above plate-like 
powder to produce the isotropic perovskite-type compound and 
surplus components including a bismuth oxide (a mixing 
process). Next, the mixture is so molded that the plate-like 
powder is oriented (a molding process). Furthermore, the plate- 
like powder included in the resultant mold is made to react with 
the perovskite-forming raw material and on/after the reaction, 
the surplus components produced by the reaction are a> 25 » 35 « 45 5C 55 60 

thermally/chemically removed (a reacting and removing 2y * d * K 

process). 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The end of a plate when it consists of a bismuth stratified titanic-acid compound, and the 
development side has the pseudo-cube {100} side and grid adjustment of an isotropic perovskite mold 
compound, The mixed process which mixes the perovskite generation raw material which generates this end 
of a plate, and the surplus component which reacts and contains said isotropic perovskite mold compound 
and bisumuth oxide, The forming cycle fabricated so that said end of a plate may carry out orientation of the 
mixture obtained at this mixed process, The manufacture approach of the crystal orientation ceramics 
equipped with reaction / removal process of removing said surplus component generated by the reaction of 
said end of a plate it is contained in the Plastic solid acquired by this forming cycle, and said perovskite 
generation raw material, and the reaction. 

[Claim 2] Said reaction / removal process is the manufacture approach of the crystal orientation ceramics 
according to claim 1 which is what removes thermally said surplus component generated by the reaction at 
the same time it heats said Plastic solid and makes said end of a plate, and said perovskite generation raw 
material react. 

[Claim 3] Said reaction / removal process is the manufacture approach of the crystal orientation ceramics 
[ equipped with the reaction process which heat said Plastic solid, and said end of a plate and said perovskite 
generation raw material are made to react, and is used as a middle sintered compact, and the removal 
process which removes said surplus component from said middle sintered compact thermally or chemically ] 
according to claim 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the crystal orientation 
ceramics suitable as a piezoelectric material used for a bimorph piezoelectric device, a vibration pickup, a 
piezoelectric microphone, a piezo-electric ignition component, an acceleration sensor, a knocking sensor, an 
electrostrictive actuator, sonar, an ultrasonic sensor, a piezo-electric buzzer, a piezoelectric loudspeaker, a 
dispatch child, a filter, etc. in more detail about the manufacture approach of the crystal orientation 
ceramics. 
[0002] 

[Description of the Prior Art] Piezoelectric material is an ingredient which has the piezo-electric effect, and 
the gestalt is classified into a single crystal, the ceramics, a thin film, a giant molecule, and a composite 
(composite). In such piezoelectric material, especially electrostrictive ceramics is highly efficient, and the 
degree of freedom of a configuration is large, and since a materials design is comparatively easy, it is widely 
applied in the field of electronics or mechatoronics. 

[0003] Electrostrictive ceramics impresses direct current voltage to the ferroelectric ceramics, and performs 
the so-called polarization processing which arranges the direction of the domain of a ferroelectric in the 
fixed direction. In order to arrange spontaneous polarization in the fixed direction by polarization 
processing, the great portion of electrostrictive ceramics put in practical use from the crystal structure of the 
isotropic perovskite mold which spontaneous polarization can take in three dimensions being advantageous 
is isotropic perovskite mold ferroelectric ceramics. Here, "an isotropic perovskite mold ferroelectric" is 
matter which produces spontaneous polarization by slight distortion from a cubic mold among the so-called 
Regular Perovskite mold compounds expressed with general formula:AB03 (A and B are a metallic 
element). 

[0004] as the isotropic perovskite mold ferroelectric ceramics — Pb (Zr-Ti) - the PZT3 component system 
which added lead system compound perovskite as the third component to 03 (this is hereafter called 
"PZT".) and PZT, BaTi03, Bi0.5Na0.5TiO3 (this is hereafter called "BNT".), etc. are known. 
[0005] The electrostrictive ceramics of the lead system represented by PZT in these has the piezo-electric 
high property as compared with other electrostrictive ceramics, and occupies the great portion of 
electrostrictive ceramics by which current utilization is carried out. However, since lead oxide (PbO) with 
high vapor pressure is included, there is a problem that the load to an environment is large. Therefore, it is 
unleaded and low lead or the electrostrictive ceramics which has a piezo-electric property equivalent to PZT 
is called for. 

[0006] On the other hand, in the piezoelectric material which does not contain lead, BaTi03 ceramics has 
the piezo-electric, comparatively high property, and is used for sonar etc. Moreover, what shows a piezo- 
electric, comparatively high property also in the solid solution of BaTi03 and other non-lead system 
perovskite compounds (for example, BNT etc.) is known. However, such unleaded electrostrictive ceramics 
has the problem that a piezo-electric property is low, as compared with PZT. 

[0007] Then, in order to solve this problem, various proposals are made from the former, for example, to 
JP,10-139552,A The host ingredient A which consists of a stratified perovskite mold compound, and has 
shape anisotropy (for example, Bi4Ti 3012, Sr3Ti 207, calcium3Ti207 grade) The raw material Q which 
can generate the guest ingredient B which has isotropic perovskite type structure, or the guest ingredient B 
The guest ingredient C for converting the host ingredient A into an isotropic perovskite mold compound is 
mixed, these are fabricated so that the host ingredient A may carry out orientation, and the manufacture 
approach of the crystal orientation ceramics which subsequently carries out heating sintering is proposed by 
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the applicant for this patent. 

[0008] Moreover, after kneading the titanium dioxide which has the tabular configuration where C side 
progressed, the compounds (for example, the barium oxide, a barium carbonate, etc.) containing barium, an 
organic binding material, a plasticizer, and a solvent, the manufacture approach of barium titanate ceramics 
of fabricating under optically uniaxial pressurization and calcinating the acquired Plastic solid is indicated 
by JP,63-24948,B. 
[0009] 

[Problem(s) to be Solved by the Invention] It is known that the piezo-electric property of an isotropic 
perovskite mold compound generally changes with directions of a crystallographic axis. Therefore, if the 
orientation of the crystallographic axis with a piezo-electric high property can be made to carry out in the 
fixed direction, it can make the most of the anisotropy of a piezo-electric property, and high property-ization 
of electrostrictive ceramics can be expected. In the single crystal which consists of a non-lead system 
ferroelectric ingredient, it is actually known that there are some which show the outstanding piezo-electric 
property. 

[0010] However, a single crystal has the problem that a manufacturing cost is high. Moreover, the single 
crystal of the solid solution which has a complicated presentation tends to cause a gap of a presentation at 
the time of manufacture, and is unsuitable as a charge of real material. Furthermore, since a single crystal is 
inferior in fracture toughness, the use under high stress has the problem that it is difficult and the application 
range is restricted. 

[0001 1] On the other hand, the different rectangle-like powder (host ingredient A) which consists of a 
stratified perovskite mold compound functions as a reactant template for making an isotropic perovskite 
mold compound generate as indicated by JP,10-139552,A. Therefore, if orientation of the host ingredient A 
is carried out into a Plastic solid and this and the guest ingredient C are made to react, even if the anisotropy 
of a crystal lattice is an isotropic small perovskite mold compound, the specific crystal face can manufacture 
easily and cheaply the crystal orientation ceramics which carried out orientation by the high amount of 
preferred orientation. 

[0012] However, this approach makes the reaction of the host ingredient A and the guest ingredient C 
generate an isotropic perovskite mold compound (general formula: AB03), and A site elements (for 
example, Bi, Sr, calcium, etc.) contained in the host ingredient A surely remain during the presentation of 
the obtained crystal orientation ceramics. Therefore, by this approach, the most desirable presentation 
cannot be realized but there is a possibility that the property as a piezoelectric material may be injured with 
A site element contained unescapable. 

[0013] Moreover, orientation of the titanium dioxide which has the tabular configuration where C side 
progressed is carried out into a Plastic solid, and if this and the compound containing barium are made to 
react, the point that the barium titanate ceramics which carried out C plane orientation are obtained is 
indicated by JP,63-24948,B. However, production of the single crystal powder of a titanium dioxide which 
has a tabular configuration and has an isotropic perovskite mold compound and grid adjustment is difficult. 
Therefore, by this approach, the isotropic perovskite mold ceramics of the high amount of preferred 
orientation is unproducible. 

[0014] The technical problem which this invention tends to solve has presentation control of A site element 
which can manufacture the crystal orientation ceramics of the high amount of preferred orientation which 
consists of an isotropic perovskite mold compound, and is contained in the crystal orientation ceramics in 
offering the manufacture approach of the easy crystal orientation ceramics. 
[0015] 

[Means for Solving the Problem] The manufacture approach of the crystal orientation ceramics applied to 
this invention in order to solve the above-mentioned technical problem The end of a plate when it consists of 
a bismuth stratified titanic-acid compound, and the development side has the pseudo-cube {100} side and 
grid adjustment of an isotropic perovskite mold compound, The mixed process which mixes the perovskite 
generation raw material which generates this end of a plate, and the surplus component which reacts and 
contains said isotropic perovskite mold compound and bisumuth oxide, The forming cycle fabricated so that 
said end of a plate may carry out orientation of the mixture obtained at this mixed process, Let it be a 
summary to have reaction / removal process of removing said surplus component generated by the reaction 
of said end of a plate it is contained in the Plastic solid acquired by this forming cycle, and said perovskite 
generation raw material, and the reaction. 

[001 6] If the Plastic solid to which orientation of the end of a plate was carried out is heated to 
predetermined temperature and the end of a plate and a perovskite generation raw material are made to react, 
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the surplus component containing the plate crystal and the bisumuth oxide of the isotropic perovskite mold 
compound which inherited orientation bearing in the end of a plate will generate, and it will become a 
middle sintered compact. If this surplus component is removed from a middle sintered compact after a 
reaction simultaneously with a reaction, the crystal orientation ceramics consisted of an isotropic perovskite 
mold compound, and the pseudo-cube {100} side carried out [ the ceramics ] orientation will be obtained. 
Moreover, if the presentation of a perovskite generation raw material is optimized, the crystal orientation 
ceramics which consists of an isotropic perovskite mold compound with which it has the high amount of 
preferred orientation, and Bi does not remain substantially as an A site element will be obtained. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of 1 operation of this invention is explained to a detail. 
The end of a plate it is used for the manufacture approach of the crystal orientation ceramics concerning 
introduction and this invention is explained. The isotropic small perovskite mold compound of the 
anisotropy of a crystal lattice is used in the specific direction as a reactant template for carrying out 
orientation the end of a plate. In this invention, what was equipped with the following conditions as the end 
of a plate is used. 

[0018] A bismuth stratified titanic-acid compound is used for the 1st in the end of a plate. It is because 
presentation control of A site element which can remove Bi easily out of a system and is contained in an 
isotropic perovskite mold compound by the reaction with that the anisotropy of (1) crystal lattice is large 
and production in the end of a plate is comparatively easy and the perovskite generation raw material which 
carries out (2) after-mentioned is easy to use a bismuth stratified titanic-acid compound as the end of a plate. 

[0019] That in which the development side (field which occupies the largest area) has the pseudo-cube 
{100} side and grid adjustment of an isotropic perovskite mold compound is used for the 2nd in the end of a 
plate. Even if it is in the end of a plate it consists of a bismuth stratified titanic-acid compound, when the 
development side does not have the pseudo-cube {100} side and grid adjustment of an isotropic perovskite 
mold compound, since it does not function as a reactant template for crystal orientation ceramic manufacture 
which makes a pseudo-cube {100} side an orientation side, it is not desirable. 

[0020] Here, although "an isotropic perovskite mold compound" generally means the compound expressed 
with general formula: AB03, the crystal orientation ceramics obtained by the manufacture approach 
concerning this invention consists of an isotropic perovskite mold compound which contains Ti as a B site 
element among these. That Ti is included as a B site element originates in using the bismuth stratified 
titanic-acid compound mentioned above as the end of a plate. 

[0021] In addition, the crystal orientation ceramics which can be manufactured by the approach concerning 
this invention can be manufactured, even if it adds **** only for Ti not only to an isotropic perovskite mold 
compound but to Ti as a B site element and one sort or two sorts or more of other B site elements (for 
example, Cr, Zr, Mn, Fe, Mo, Nb, Zn, Ta, W, nickel, etc.) are included. Other classes and those contents of 
B site element become settled in the content of Ti in an isotropic perovskite mold compound, and a list with 
the presentation in the end of a plate, and the presentation of a perovskite generation raw material. 
[0022] It can manufacture, even if it is the crystal orientation ceramics which it is also possible as an A site 
element to manufacture the crystal orientation ceramics which consists of an isotropic perovskite mold 
compound containing Bi which originates in the end of a plate according to the manufacture approach 
concerning this invention, but consists of an isotropic (it is less than [ lwt% ] by 20Bi3 conversion) 
perovskite mold compound which does not contain Bi substantially as an A site element on the other hand. 
This point differs from the conventional approach. 

[0023] As an A site element contained in an isotropic perovskite mold compound, although Ba, Sr, calcium, 
La, etc. are mentioned as a suitable example besides Bi, specifically, it is not limited to these. The classes 
and those contents of A site element in an isotropic perovskite mold compound become settled with the 
presentation in the end of a plate, and the presentation of a perovskite generation raw material. 
[0024] Moreover, the quality of grid adjustment can be expressed with the value (this value is hereafter 
called "rate of lattice matching".) which broke the difference of the grid dimension of the development side 
in the end of a plate, and the grid dimension of the pseudo-cube {100} side of an isotropic perovskite mold 
compound with the grid dimension of the development side in the end of a plate. Functioning as a good 
reactant template the end of a plate is shown, so that the value of the rate of lattice matching is small. In 
order to manufacture the crystal orientation ceramics of the high amount of preferred orientation, 20% or 
less is desirable still more desirable, and the rate of lattice matching in the end of a plate is 1 0% or less. 
[0025] In addition, although an isotropic perovskite mold compound generally takes the structure distorted 
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from cubics, such as ******, a prismatic crystal, and trigonal, since the distortion is slight, "a pseudo-cube 
{HKL}" means regarding it as a cubic and indicating by Miller indices. 

[0026] That in which making orientation carry out in the direction fixed at the time of shaping to the 3rd in 
the end of a plate has the easy configuration is used. For that purpose, as for the average aspect ratio in the 
end of a plate (= the average of the diameter/thickness in the end of a plate), it is desirable that it is three or 
more. It becomes difficult to make an one direction carry out orientation of the end of a plate to an average 
aspect ratio being less than three at the time of shaping. The average aspect ratio in the end of a plate is five 
or more still more preferably. 

[0027] Generally, there is an inclination for orientation in the end of a plate to be easy-ized, so that the 
average aspect ratio in the end of a plate becomes large. However, if an average aspect ratio becomes 
excessive, the end of a plate may be ground in the mixed process mentioned later, and the Plastic solid the 
end of a plate carried out [ the Plastic solid ] orientation may not be acquired. Therefore, as for the average 
aspect ratio in the end of a plate, 100 or less are desirable. 

[0028] Moreover, the average (mean particle diameter) of the development side diameter in the end of a 
plate has desirable 0.05 micrometers or more. It becomes difficult to make the orientation of the end of a 
plate carry out in the fixed direction by the shearing stress which acts that the mean particle diameter in the 
end of a plate is less than 0.05 micrometers at the time of shaping. Moreover, since the gain of surface 
energy becomes small, when it uses as a reactant template at the time of producing the crystal orientation 
ceramics, it is hard coming to generate the epitaxial growth to a template particle. 

[0029] On the other hand, the mean particle diameter in the end of a plate has desirable 20 micrometers or 
less. If the mean particle diameter in the end of a plate exceeds 20 micrometers, a degree of sintering will 
fall and the high crystal orientation ceramics of a sintered compact consistency will not be obtained. The 
mean particle diameter in the end of a plate is 0.1 micrometers or more 1 0 micrometers or less still more 
preferably. 

[0030] Specifically as a bismuth stratified titanic-acid compound suitable as an ingredient in the end of a 
plate, the bismuth stratified perovskite mold compound of Bi4Ti 3012 (titanic-acid bismuth), BaBi4Ti 
4015, and SrBi4Ti4015 grade is mentioned as a suitable example. 

[003 1] Since the surface energy of the {001 } side is smaller than the surface energy of other crystal faces, 
each of these compounds can produce easily the end of a plate which {001 } sides are made into a 
development side, and has a predetermined configuration. Moreover, the {001 } sides of these compounds 
have very good grid adjustment between the pseudo-cube {100} sides of an isotropic perovskite mold 
compound. Therefore, it is suitable as a reactant template for manufacturing the crystal orientation ceramics 
which consists of an isotropic perovskite mold compound the end of a plate it consists of these compounds, 
and makes {100} sides an orientation side. 

[0032] In addition, it can manufacture easily by heating the raw material (this being hereafter called "end 
generation raw material of a plate".) which can generate a bismuth stratified titanic-acid compound with the 
matter which serves as a liquid with a liquid or heating the end of a plate it consists of a bismuth stratified 
titanic-acid compound. If a generation raw material is heated in the liquid phase with easy atomic diffusion 
in the end of a plate, the small {001 } sides of surface energy can compound easily the end of a plate it 
progressed preferentially. In this case, the average aspect ratio and mean particle diameter in the end of a 
plate are controllable by choosing synthetic conditions suitably. 

[0033] Specifically as the manufacture approach in the end of a plate, the approach (flux growth) of heating 
a generation raw material in the end of a plate with flux (for example, mixture of NaCl, KC1, and NaCl and 
KC1, BaC12, KF, etc.), the method (hydrothermal crystallization method) of heating in an autoclave the non- 
tabular bismuth stratified titanic-acid compound powder compounded with the solid reaction method with 
an alkali water solution, etc. are mentioned as a suitable example. 

[0034] Next, the manufacture approach of the crystal orientation ceramics concerning this invention is 
explained. The manufacture approach concerning this invention is equipped with the mixed process, the 
forming cycle, and reaction / removal process. 

[0035] Introduction and a mixed process are explained. A mixed process is a process which mixes the end of 
a plate it mentioned above, and a perovskite generation raw material. In this case, you may consist of any 
one kind of compound among the bismuth stratified titanic-acid compounds mentioned above, and may be 
the mixture of two or more sorts of compounds the end of a plate. 

[0036] Moreover, a "perovskite generation raw material" reacts with the end of a plate it mentioned above, 
and means what generates an isotropic perovskite mold compound and the surplus component containing the 
bisumuth oxide. A presentation and the rate of a compounding ratio of a perovskite generation raw material 
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become settled according to the presentation of the isotropic perovskite mold compound which it is going to 

compound, and the presentation in the end of a plate used as a reactant template. Moreover, especially about 

the gestalt of a perovskite generation raw material, it is not limited and salts, such as oxide powder, multiple 

oxide powder, a carbonate, a nitrate, an oxalate, and acetate, an alkoxide, etc. can be used. 

[0037] For example, when manufacturing the crystal orientation ceramics which consists of barium titanate 

(BaTi03) using the plate end of a titanic-acid bismuth (Bi4Ti 3012), it is desirable as a perovskite 

generation raw material to use Ba content compounds, such as a barium carbonate (BaC03), barium oxide 

(BaO), and a barium hydroxide (Ba2 (OH)). In this case, what is necessary is just to blend Ba content 

compound equivalent to three mols of barium atoms to one mol of titanic-acid bismuths. 

[0038] The reaction formula of a titanic-acid bismuth and a barium carbonate is shown in the formula of ** 

1 . If these are made to react by the mole ratio of 1 :3, using a titanic-acid bismuth and a barium carbonate as 

an end of plate, and perovskite generation raw material, the barium titanate which is an isotropic perovskite 

mold compound, and the bisumuth oxide (Bi 203) which is a surplus component can be made to generate, 

respectively, as shown in the formula of** 1. The formula of ** 1 advances rightward, because the isotropic 

perovskite mold compound is thermodynamically more stable than a bismuth stratified titanic-acid 

compound. 

[0039] 

[Formula 1] 

Bi4Ti3012+3BaC03 -> 3BaTiO3+2Bi2O3+3CO2**[0040] In addition, the formula of** 1 might express 
the ideal reaction formula of a titanic-acid bismuth and a barium carbonate, and the actual still more 
complicated reaction may have produced it. moreover — although it is desirable ideally that it is only the 
bisumuth oxide as for a surplus component as shown in the formula of ** 1 — actual — Bi2 — other oxide 
components, such as a Ba-Bi-O system compound produced at the reaction with 03, BaC03, or BaTi03, 
may be contained. However, as long as there is no trouble in removal of the surplus component in the heat 
treatment process mentioned later, oxide components other than the bisumuth oxide may be contained in the 
surplus component. 

[0041] What is necessary is for it to be also the same as when compounding isotropic perovskite mold 
compounds other than barium titanate, and just to determine a presentation and compounding ratio of a 
perovskite generation raw material so that all or a part of Bi contained in a bismuth stratified titanic-acid 
compound may be discharged as bisumuth oxide at the outside of the end of a plate and A site element of 
the specified quantity may be introduced in the end of a plate in case an isotropic perovskite mold 
compound generates. 

[0042] In addition, in a mixed process, the non-tabular fines (this is hereafter called "compound fines' 1 .) 
which consist of a compound which has the still more nearly same presentation as the isotropic perovskite 
mold compound obtained by these reactions, and/or sintering acid may be added to the end of plate, and 
perovskite generation raw material blended by the predetermined ratio. When compound fines and sintering 
acid are further added to an end of plate, and perovskite generation raw material, there is an advantage that 
the eburnation of the sintered compact can be carried out easily. 

[0043] Moreover, when blending compound fines and the rate of a compounding ratio of compound fines 
becomes excessive, there is a possibility that the rate of a compounding ratio in the end of a plate inevitably 
occupied in the whole raw material may become small, and the amount of preferred orientation of the 
pseudo-cube {100} side of the crystal orientation ceramics obtained may fall. Therefore, as for the rate of a 
compounding ratio of compound fines, it is desirable to choose the optimal rate of a compounding ratio 
according to the sintered compact consistency demanded and the amount of preferred orientation of a 
pseudo-cube {100} side. 

[0044] Furthermore, mixing of the compound fines and sintering acid which are blended with an end of 
plate and perovskite generation raw material and a list if needed may be performed by dry type, or suitable 
dispersion media, such as water and an accord, may be added and you may carry out with wet. Furthermore, 
a binder and/or a plasticizer may be added if needed at this time. 

[0045] Next, a forming cycle is explained. A forming cycle is a process fabricated so that the end of a plate 
may carry out orientation of the mixture obtained at the mixed process. Here, it says that the development 
side in each end of a plate arranges in parallel mutually, saying "the end of a plate carries out 
orientation" (such a condition is hereafter called "plane orientation".), or arranging in parallel to one shaft 
with which the development side in each end of a plate penetrates a Plastic solid (such a condition being 
hereafter called "axial orientation".). 

[0046] About the shaping approach, it is not limited especially that what is necessary is just the approach of 
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carrying out orientation of the end of a plate. Specifically as the shaping approach to which plane orientation 
of the end of a plate is carried out, a doctor blade method, a press-forming method, the rolling-out method, 
etc. are mentioned as a suitable example. Moreover, specifically as the shaping approach to which axial 
orientation of the end of a plate is carried out, an extrusion method, a casting centrifugal method, etc. are 
mentioned as a suitable example. 

[0047] Moreover, in order that the end of a plate may increase the thickness of the Plastic solid (this is 
hereafter called "plane orientation Plastic solid".) which carried out plane orientation or may raise the 
amount of preferred orientation, laminating sticking by pressure, press, rolling, etc. may be further 
processed to a plane orientation Plastic solid (this is hereafter called "plane orientation processing".). In this 
case, to a plane orientation Plastic solid, any one kind of plane orientation processing may be performed, or 
two or more sorts of plane orientation processings may be performed. Moreover, one kind of plane 
orientation processing is wound two or more times to a plane orientation Plastic solid, and it is good or good 
in a multiple-times repeat line respectively. [ line / return ] [ processings / two or more sorts of / orientation ] 

[0048] Next, reaction / removal process is explained. Reaction / removal process is a process which removes 
the surplus component generated by the reaction of the end of a plate and perovskite generation raw material 
which are contained in the Plastic solid acquired by the forming cycle, and the reaction. If the Plastic solid 
containing the end of a plate and a perovskite generation raw material is heated to predetermined 
temperature, sintering of the isotropic perovskite mold compound which the isotropic perovskite mold 
compound and the surplus component generated, and could come by these reactions, simultaneously was 
generated will advance. 

[0049] Whenever [ stoving temperature ] should just choose the optimal temperature in the end of a plate it 
is used according to the presentation of a perovskite generation raw material and the crystal orientation 
ceramics which it is going to produce etc. so that a reaction and/or sintering may advance efficiently and 
generation of an isotropic perovskite mold compound and by-products other than the bisumuth oxide may be 
controlled. 

[0050] For example, when manufacturing the crystal orientation ceramics which consists of barium titanate 
single phase using a titanic-acid bismuth and a barium carbonate, 400 degrees C or more 1300 degrees C or 
less are desirable still more desirable, and whenever [ stoving temperature ] is 800 degrees C or more 1250 
degrees C or less. In this case, a reaction may be performed under which [ in atmospheric air and oxygen 
and under reduced pressure or a vacuum ] ambient atmosphere. Moreover, heating time should just choose 
the optimal time amount according to whenever [ stoving temperature ] so that a predetermined reaction 
condition and a predetermined sintered compact consistency may be obtained. 

[0051] Removal of a surplus component has the approach of removing thermally, and the approach of 
removing chemically. The approach of removing thermally is an approach of heating the sintered compact 
(this being hereafter called "middle sintered compact".) which the isotropic perovskite mold compound and 
the surplus component generated to predetermined temperature, and volatilizing a surplus component. The 
approach of specifically heating a middle sintered compact at the temperature which volatilization of a 
surplus component produces under reduced pressure or a vacuum, the approach of carrying out long 
duration heating of the middle sintered compact at the temperature which volatilization of a surplus 
component produces in atmospheric air or oxygen, etc. are mentioned as a suitable example. 
[0052] Whenever [ stoving temperature / at the time of removing a surplus component thermally ] should 
just choose the optimal temperature according to the presentation of an isotropic perovskite mold compound 
and a surplus component so that volatilization of a surplus component may advance efficiently and 
generation of a by-product may be controlled. For example, when an isotropic perovskite mold compound is 
barium titanate single phase and a surplus component is bisumuth-oxide single phase, 800 degrees C or 
more 1300 degrees C or less are desirable still more desirable, and whenever [ stoving temperature ] is 1000 
degrees C or more 1250 degrees C or less. 

[0053] The method of removing a surplus component chemically is an approach of a middle sintered 
compact being immersed into the processing liquid which has the property to make only a surplus 
component corrode, and extracting a surplus component. The processing liquid to be used should just 
choose the optimal thing according to the presentation of an isotropic perovskite mold compound and a 
surplus component. For example, an isotropic perovskite mold compound is barium titanate single phase, 
and when a surplus component is bisumuth-oxide single phase, it is desirable [ processing liquid ] to use 
acids, such as a nitric acid and a hydrochloric acid. Especially the nitric acid is suitable as processing liquid 
which extracts a surplus component chemically. In this case, if heat treatment and acid treatment are 
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repeated by turns, a surplus component can be removed more effectively. 

[0054] Reaction of the end of a plate and a perovskite generation raw material and removal of a surplus 
component may be performed to which timing according to coincidence, serial, or individual. For example, 
a Plastic solid may be directly heated to the temperature to which the reaction of the end of a plate and a 
perovskite generation raw material and the both sides of volatilization of a surplus component run efficiently 
under reduced pressure or a vacuum, and a surplus component may be removed to a reaction and 
coincidence. 

[0055] Moreover, after heating a Plastic solid for example, at the temperature to which the reaction of the 
end of a plate and a perovskite generation raw material advances efficiently in atmospheric air or oxygen 
and making a middle sintered compact generate (reaction process), a middle sintered compact may be 
succeedingly heated at the temperature to which volatilization of a surplus component advances efficiently 
under reduced pressure or a vacuum, and a surplus component may be removed (removal process). Or after 
making a middle sintered compact generate (reaction process), long duration heating of the middle sintered 
compact may be succeedingly carried out at the temperature to which volatilization of a surplus component 
advances efficiently in atmospheric air or oxygen, and a surplus component may be removed (removal 
process). 

[0056] Moreover, after making a middle sintered compact generate and cooling a middle sintered compact 
to a room temperature for example, (reaction process), a middle sintered compact may be immersed in 
processing liquid, and a surplus component may be removed chemically (removal process). Or after making 
a middle sintered compact generate and cooling to a room temperature (reaction process), again, a middle 
sintered compact may be heated to predetermined temperature under a predetermined ambient atmosphere, 
and a surplus component may be removed thermally (removal process). 

[0057] In addition, in the case of the Plastic solid containing a binder, heat treatment which makes cleaning 
a key objective may be performed before reaction / removal process. In this case, the temperature of 
cleaning should just be sufficient temperature to carry out the pyrolysis of the binder at least. 
[0058] Moreover, if an orientation Plastic solid is degreased, the amount of preferred orientation of the plate 
end in an orientation Plastic solid may fall, or bulging may occur in an orientation Plastic solid. In such a 
case, after degreasing, before performing reaction and removal, it is desirable to perform hydrostatic- 
pressure (CIP) processing further to an orientation Plastic solid. When hydrostatic-pressure processing is 
further performed to the Plastic solid after cleaning, there is an advantage that the fall of the amount of 
preferred orientation accompanying cleaning or the fall of the sintered compact consistency resulting from 
bulging of an orientation Plastic solid can be controlled. 

[0059] Moreover, after removing a surplus component from a middle sintered compact, CIP processing may 
be carried out and this may be re-calcinated. Moreover, for densification, the method of performing a 
hotpress further to the sintered compact after heat treatment is also effective. Furthermore, you may use 
combining the approach of the approach of adding compound fines, CIP processing, a hotpress, etc. 
Moreover, about a hotpress, in order that the method of impressing the comparatively small load of 20 or 
less MPas only by the pressure from the upper and lower sides, without using a dice may raise a sintered 
compact consistency, without reducing the amount of preferred orientation, it is effective. 
[0060] In addition, when the crystal orientation ceramics obtained by the manufacture approach concerning 
this invention is used as for example, a piezo-electric composite, the crystal orientation ceramics does not 
necessarily need to be high-density. Therefore, what is necessary is in such a case, to perform reaction and 
removal in mixing and a shaping list, and just to use as it is what pass these processes, without adding 
compound fines in a raw material, or performing CIP processing etc. 

[0061] Next, an operation of the manufacture approach concerning this invention is explained. An end of 
plate and perovskite generation raw material is mixed, and if this is fabricated using the shaping approach 
that the force acts from an one direction to the end of a plate, the end of a plate will carry out orientation into 
a Plastic solid by the shearing stress which acts in the end of a plate. If such a Plastic solid is heated at 
predetermined temperature, the end of a plate and a perovskite generation raw material will react, and an 
isotropic perovskite mold compound and a surplus component will generate. 

[0062] Since grid adjustment is between the development side in the end of a plate, and the pseudo-cube 
{100} side of an isotropic perovskite mold compound at this time, the development side in the end of a plate 
is inherited as a pseudo-cube {100} side of the generated isotropic perovskite mold compound. Therefore, in 
a middle sintered compact, after the pseudo-cube {100} side has carried out orientation to the one direction, 
the plate crystal of an isotropic perovskite mold compound generates. 

[0063] Moreover, the surplus component generated by the reaction has the low melting point, and a 
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chemical extract uses the easy bisumuth oxide as a principal component, therefore, the reaction of the end of 
a plate, and a perovskite generation raw material — simultaneously — or thermal [ in a middle sintered 
compact to a surplus component ] after a reaction — or it is easily removable chemically. 
[0064] The conventional method of making only an isotropic perovskite mold compound generate using the 
end of a plate it consists of a stratified perovskite mold compound as a reactant template can manufacture 
only the crystal orientation ceramics which consists of an isotropic perovskite mold compound containing 
all A site elements and B site elements which are contained in the raw material of the end of a plate, and 
others. 

[0065] On the other hand, although the anisotropy of a crystal lattice of the quality of the material in the end 
of a plate is large and it needs to be what has grid adjustment between isotropic perovskite mold 
compounds, the ingredient which fulfills such conditions depending on the presentation of the isotropic 
perovskite mold compound which it is going to produce may not exist, or it may follow remarkable 
difficulty on the retrieval. Therefore, there was a limitation in presentation control of the crystal orientation 
ceramics obtained, especially presentation control of A site element by the conventional approach. 
[0066] On the other hand, in the manufacture approach concerning this invention, since a bismuth stratified 
titanic-acid compound is used as the end of a plate, the end of a plate the development side has the pseudo- 
cube {100} side of an isotropic perovskite mold compound and good grid adjustment is obtained easily. And 
it can be easily removed besides a system by making it react with the perovskite generation raw material 
which has a predetermined presentation, being able to use as a surplus component Bi contained in the end of 
a plate. Therefore, according to the manufacture approach concerning the gestalt of this operation, even if it 
is the crystal orientation ceramics which consists of an isotropic perovskite mold compound with which Bi 
does not remain as an A site element, it can manufacture easily. 
[0067] 

[Example] (Example 1) Bi203 and Ti02 were first mixed at a rate of 2:3 by the mole ratio. Subsequently, to 
this mixture, the NaCl+KCl mixing flux (the mixed mole ratio of NaCl and KC1 = 1 :1) of the same weight 
as this mixture was added, and it mixed further. The obtained mixture was put into the platinum crucible, it 
heated at 1 100 degrees C for 1 hour, and the tabular single crystal powder (about 0.5 micrometers in 
particle-size [ of about 5 micrometers ] x thickness) which consists of Bi4Ti 3012 was compounded. After 
cooling a platinum crucible to a room temperature, the lump in a platinum crucible was repeated, the water 
bath was carried out, the chloride was removed and the end of Bi4Ti3012 plate was obtained. 
[0068] Next, the end of Bi4Ti3012 plate it was obtained, and after blending and carrying out predetermined 
time wet blending of BaC03 at a rate of 1 :3 by the mole ratio, an organic binding material and a plasticizer 
were added and it mixed further. Subsequently, the obtained slurry was taken out and tape forming was 
carried out using the doctor blade method. Furthermore, laminating sticking by pressure of the obtained tape 
was carried out, roll forming was performed further, and the plane orientation Plastic solid with a thickness 
of about 1mm was produced. When the X diffraction was performed about the acquired plane orientation 
Plastic solid, it was checked that the pseudo-square {001 } side in the end of Bi4Ti3012 plate is carrying out 
orientation in parallel with the original tape side. 

[0069] Next, it heat-treated by putting this plane orientation Plastic solid into a vacuum heating furnace. In 
addition, after heating at 400 degrees C among atmospheric air for 1 hour, the temperature up of the heat 
treatment was carried out to 1200 degrees C, carrying out evacuation succeedingly, so that furnace internal 
pressure may be set to 133Pa or less, and it was performed by heating at 1200 degrees C for 2 hours. 
[0070] The X diffraction was performed to the field parallel to the original tape side among the fields of the 
obtained crystal orientation ceramics, and identification of a crystal phase and the amount of preferred 
orientation of a pseudo-cube {100} side were investigated. An X diffraction pattern is shown in drawing 1 
(a). Drawin g 1 (a) shows that the crystal orientation ceramics obtained by this example consists of BaTi03 
single phase which is an isotropic perovskite mold compound, and the diffraction reinforcement of a field 
(100) and a field (200) is remarkably high by the pseudo-cube display. Moreover, when the component of 
this crystal orientation ceramics was measured with the ICP analysis method, Bi content was 0.2 % of the 
weight in oxide conversion. 

[0071] (Example 2) After heating heat treatment at 1000 degrees C among atmospheric air for 1 hour, the 
temperature up was carried out to 1200 degrees C, carrying out evacuation succeedingly, so that furnace 
internal pressure may be set to 133Pa or less, except having carried out under the conditions heated at 1200 
degrees C for 2 hours, the crystal orientation ceramics was produced according to the same procedure as an 
example 1, and identification of a crystal phase and the amount of preferred orientation of a pseudo-cube 
{100} side were evaluated. An X diffraction pattern is shown in .drawing.], (b). It turns out that it becomes 
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the bottom of the heat treatment condition of this example from BaTi03 single phase, and the crystal 
orientation ceramics with it is obtained by pseudo-cube display from drawin g 1 (b). [ the remarkable 
diffraction reinforcement of a field (100) and a field (200) and ] [ high ] 

[0072] (Example 3) Eburnation of the hotpress processing was further performed and carried out to the 
crystal orientation ceramics obtained in the example 1. Hotpress conditions were set to pressure: lOMPa for 
temperature: 1350 degree C, and heating time:4 hours. The relative density of the sintered compact behind a 
hotpress was 99%. 

[0073] Next, this sintered compact was processed into disc-like [ with 0.5mm / in thickness /, and a diameter 
of 1 1mm ], and the electrode was prepared and polarized in the vertical side. Subsequently, when the 
electromechanical coupling coefficient Kp was measured by the resonance antiresonance method, it is 
Kp=0.38 and the value high about 20% was shown compared with non-orientation BaTi03 sintered compact 
of the same presentation. 

[0074] (Example 1 of a comparison) The non-orientation sintered compact of 99.5% of relative density was 
obtained by carrying out press forming of the BaTi03 commercial powder, and carrying out a hotpress 
under the conditions of pressure:20MPa for hotpress temperature: 1350 degree C, and heating time:4 hours. 
It was Kp=0.32 when the electromechanical coupling coefficient Kp was measured under the same 
conditions as an example 3 about this non-orientation sintered compact. 

[0075] (Example 2 of a comparison) The plane orientation Plastic solid was produced according to the same 
procedure as an example 1 . Next, after heating the acquired plane orientation Plastic solid at 400 degrees C 
among atmospheric air for 1 hour, it heated at 1300 degrees C in the atmospheric air of one atmospheric 
pressure further for 4 hours. About the obtained sintered compact, the X diffraction was performed under the 
same conditions as an example 1 . An X diffraction pattern is shown in drawing 1 (c). 
[0076] The by-product other than BaTi03 has arisen, and the obtained sintered compact was not able to 
obtain the single phase sintered compact of BaTi03, as shown in drawing 1 (c). The by-product contained in 
a sintered compact is considered to be a multiple oxide, or this multiple oxide and Bi 203 of a Bi-Ba-O 
system. Moreover, the obtained sintered compact had small electric resistance, and was not able to be 
polarized. 

[0077] As mentioned above, although the gestalt of operation of this invention was explained to the detail, 

alterations various in the range which is not limited to the gestalt of the above-mentioned implementation at 

all, and does not deviate from the summary of this invention are possible for this invention. 

[0078] For example, although the above-mentioned example mainly explained the example which applied 

the manufacture approach which starts this invention to BaTi03, this invention is applicable similarly to the 

isotropic perovskite mold compound containing A site elements other than Ba, and/or an isotropic 

perovskite mold compound including the both sides of B site elements other than Ti and Ti. 

[0079] Furthermore, although a hotpress is performed after heat treatment and eburnation of the crystal 

orientation ceramics is performed in the above-mentioned example, HIP processing is performed and it may 

be made to carry out eburnation by this after heat treatment. 

[0080] 

[Effect of the Invention] Since the development side in the end of a plate is inherited as a pseudo-cube 
{100} side of an isotropic perovskite mold compound in case the end of plate and perovskite generation raw 
material which carried out orientation into the Plastic solid reacts and an isotropic perovskite mold 
compound generates, the manufacture approach of the crystal orientation ceramics concerning this invention 
is effective in the crystal orientation ceramics the pseudo-cube {100} side carried out [ the ceramics ] 
orientation by the high amount of preferred orientation being obtained. 

[0081] Moreover, since the bismuth contained in the end of a plate can be removed as a surplus component 
in case it reacts with a perovskite generation raw material, even if it is an isotropic perovskite mold 
compound with which Bi does not remain as an A site element, it is effective in the crystal orientation 
ceramics which has the high amount of preferred orientation being obtained. 
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